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B. W. J on es ,  P .  M. M o r e t t i  and J. H. M ize  
C o l le g e  o f  E n g in eer in g  
O k la h om a  State U n iv e rs ity  
S t il lw ater ,  O klahom a
DYNAMIC SIMULATION FOR REGIONAL ENERGY STUDIES
A b stra c t
A s e r i e s  of m o d e l s  has b een  d ev e lo p e d  fo r  reg ion a l  studies o f  e n e r g y  supp ly -  
demand s y s te m s .  The m o d e l s  are  b ased  on dyn am ic  s im ula t ion  o f  co m p o n e n ts  
o f  the sy s te m  using equations  d e r iv e d  f r o m  the te ch n ica l  d e ta i ls  o f  the sy s te m . 
The m o d e l s  con ta in  su ff ic ien t  deta il  to m ake in -depth  studies  and s p e c i f i c  r e c ­
o m m en d a t ion s .  T h e  final g oa l  is to inc lude all a s p e c t s  o f  reg ion a l  e n e r g y  s y s ­
tem s fr o m  native su pp lies  o f  e n e r g y  r e s o u r c e s  to  the e c o n o m ic  a c t iv i t i e s  o f  the 
reg ion .
T o  deve lop  a c o m p r e h e n s iv e  m o d e l ,  the sy s te m  has  been  p art it ion ed  into su b ­
s y s te m s ,  so that a deta i led  m o d e l  can  be m ade  f o r  each  su b sy s te m . The d e ­
ta iled  m o d e l  o f  the e l e c t r i c a l  e n e r g y  su b sy s te m  is  com ple te  and has p r o v e n  to 
be a va luable  m o d e l  in i t s e l f .  It is to be used  f o r  studying the e f f e c t s  o f  both 
loca l and national g o v e rn m e n ta l  regu lations  and c o n t r o ls ,  and to study e l e c t r i c  
utility p o l i c ie s .
IN TR O D U C TIO N
A study has been undertaken  at O k lahom a  State 
U n iv e rs ity  to  deve lop  s im u la t ion  m o d e ls  w h ich  
can be  used  to a s s i s t  in a w ide  range o f  e n e r g y  
fo r e c a s t in g  studies and p o l i c y  d e c i s i o n s  in g o v e r n ­
ment a g e n c ie s  and pr ivate  c o m p a n ie s .  T h e  final 
goal i s  to d ev e lop  and va lidate  a m o d e l  o r  group  
o f  m o d e l s  which can s im u lta n eou s ly  s im u la te  the 
m a j o r  p arts  o f  the e n e r g y  s u p p ly /d e m a n d  sys tem  
of  a p a r t i c u la r  g e o g r a p h ic a l  reg ion .  It w a s  felt 
such a total system  a p p roa ch  w as p r e f e r a b l e  to a 
g rou p  o f  separate  m o d e l s  e a ch  independently  c o n ­
s id er in g  a ce r ta in  a s p e c t  o f  the en ergy  s y s te m .  
Since the e n e r g y  su p p ly /d e m a n d  s y s te m  is  h ighly
in te ra c t iv e ,  an a ct ion  taken at one point can  have 
s ign if ican t e f f e c t s  at se e m in g ly  u nre la ted  po in ts .  
T hus, it is d e s ir a b le  to be able to evaluate the 
e f f e c t s  o f  an action  on  all p a r ts  o f  the s y s te m .  
A ls o ,  a s  the e f f e c ts  o f  an a c t ion  taken at one 
point spread  throughout the sy s te m , the resu lt ing  
p er tu rb a t ion s  m ay r e f le c t  b a ck  to the o r ig in a l  
point resu lt ing  in a fe e d b a ck  e f f e c t .  T h e s e  f e e d ­
back  e f f e c t s  can  be a dom inating  feature  in the 
r e s p o n s e  of the e n e r g y  s y s te m  to ch a n g es ,  and 
resu lt  in m uch o f  the b a s ic  b e h a v io r  o f  the en erg y  
s y s te m .
The feed b a ck  paths o ften  p a s s  through s e v e r a l  
p arts  o f  the en erg y  s y s te m .  T h u s ,  m o d e l s
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c o n s id e r in g  only one a s p e c t  o f  the s y s t e m  at a 
tim e lo s e  m u ch  o f  the fe e d b a ck  b e h a v io r  o f  the 
s y s te m . T h is  is  not to say that fo r  a m o d e l  to be 
usefu l it m u st  c o n s id e r  all parts  o f  the e n e r g y  
s y s te m  in deta i l ;  it on ly  m ea n s  that im portant 
advantages  can  be ga ined  by  using m o d e l s  which 
c o n s id e r  a total e n e r g y  p ic tu re .  It a l s o  m ea n s  
that w h en ev er  a m o d e l  is  used which d e a ls  only 
with part  o f  the s y s te m ,  the u ser  should  be aw are  
o f  what l im ita t ion s  are  en cou n tered  by  a r b i t r a r i ly  
s e v e r in g  fe e d b a ck  paths. The use o f  such  in c o m ­
plete m o d e l s  should be r e s t r i c t e d  to  stud ies  
w here  the lo s t  f e e d b a c k  w ill  not s ig n i f ica n t ly  
a f fe c t  the r e s u lts .
The in te ra c t ion  and fe e d b a ck  e f f e c t s  in the en e rg y  
s y s te m  ca n  re su lt  in c o m p le x  dynam ic  b e h a v io r  
such as o v e r s h o o t ,  o s c i l la t io n ,  and instab i li ty .  
T h u s ,  it w a s  c o n s id e r e d  n e c e s s a r y  to  use  dyna­
m ic  m od e l l in g  te ch n iq u es  rather than the m o r e  
tra d it ion a l  e q u i l ib r iu m  m ethods .  It w a s  a lso  
d e s i r e d  to be ab le  to c o n s id e r  a w ide  range of 
p o l i c y  options  under a w ide range o f  co n d it io n s .  
F o r  th ese  r e a s o n s  w e ch o se  to use the F o r r e s t e r  
(1), o r  d y n a m ic  s y s te m  s im ulation , m od e l l in g  
techn ique  b ased  on s y s te m  s tru ctu re  and real 
e n t it ie s  in the s y s te m  rather  than m e th o d s  b a se d  
on m o r e  a b s tra c t  e c o n o m e t r i c  v a r ia b l e s  and 
l in ea r  re la t io n sh ip s .  A ls o ,  this type o f  a m o d e l  
p r o v id e s  fo r  a be tte r  understanding o f  what is  
a ctu a lly  going on  in the en erg y  s y s t e m  and why 
c e r ta in  things h appen  the w ay  they do. This can  
lead  to a b e t te r  understanding o f  c o u n te r - in tu i t iv e  
and apparent ly  p e r v e r s e  b e h a v io r .
A  m a j o r  part  o f  the e n e r g y  s y s te m  s tru ctu re  in ­
v o lv e s  te ch n ica l  r e la t ion sh ip s  and co n s t r a in ts ,  
and the d e c i s i o n s  o f  the c o m p a n ie s  and in d iv id ­
u a ls .  Thus, an im portan t  part o f  the m o d e l  m u st  
be the s im ula t ion  o f  the actual d e c i s i o n  p r o c e s s e s  
in the s y s te m . The s im ulation  o f  th ese  d e c is io n
p r o c e s s e s  should a ls o  be able to  e x p l i c i t ly  r e f l e c t  
g o v e rn m e n t  p o l i c y  and regu la t ion .
It w as  felt that a m o r e  usefu l m o d e l  cou ld  be d e ­
v e lo p e d  by c o n s id e r in g  a re g io n a l  e n e rg y  sy s te m  
as  o p p o s e d  to  national and w o r ld  s y s te m s .  It is 
at the r eg ion a l  l e v e l  w h ere  a la rg e  n u m b e r  o f  the 
d e c i s i o n s  a re  m a d e .  W o r ld  and national m o d e l s  
o ften  cannot a d d r e s s  the p r e c i s e  p o l i c y  q u e s t io n s  
r e q u ir e d  to a s s i s t  in th ese  d e c i s i o n s ;  n or  ca n  
they m ake  deta i led  p o l i c y  r e c o m m e n d a t io n s .  On 
the o th e r  hand, it is  d e s ir a b le  to m ake reg ion a l  
a s s e s s m e n t s  o f  d e c i s i o n  op t ions  re lating  to  w o r ld  
and national e n e r g y  s y s t e m s .  T hus, a reg ion a l  
m o d e l  can se rv e  a s  a c o m p le m e n t  to  m o d e l s  which  
c o n s id e r  la r g e r  g e o g r a p h ic  a r e a s .  A ls o ,  a r e ­
g ion a l  m o d e l  is m o r e  a c c u r a te ,  a s  m u ch  o f  the 
g e o g ra p h ic  v a r ia b i l i t y  seen  in national and w o r ld  
e n e r g y  sy s te m s  is  e l im in a te d ,  and m o r e  usefu l 
in fo rm a t io n  c o n c e r n in g  d e c i s i o n  p r o c e s s e s ,  t e c h ­
n ica l  r e la t ion sh ip s  and c o n s tr a in ts  is  a v a i la b le .
T h is  m o d e l  has b e e n  te r m e d  the DRESA (d yn am ic  
r eg ion a l  e n e r g y  s y s t e m  a n a ly s is )  m o d e l .  T h is  
p a p e r  r e p o r t s  o u r  r e s u lts  to date in d eve lop in g  
the DR E SA  m o d e l .
P R E L IM IN A R Y  STUDIES
The D R E SA  m o d e l l in g  e f f o r t  s tarted  out quite 
s im p le .  B e fo r e  start ing  on a c o m p le t e ly  d e ta i led  
m o d e l ,  a s im p le  qualitative  m o d e l  w a s  d e v e lo p e d  
(2). The p u rp o s e  o f  th is  m o d e l  w as  to d e s c r ib e  
the b a s ic  b e h a v io r  o f  the e n e r g y  s y s te m  and to 
s e r v e  as a con cep tu a l  f r a m e w o r k  f o r  la te r ,  m o r e  
deta i led  m o d e l s .  F igu re  1 sh ow s a F o r r e s t e r  
d ia g r a m  o f  this in itia l m o d e l .
S ince  the m o d e l  w a s  quite s im p le  and con ta in ed  
no quantitative in fo rm a t ion  it cou ld  not be used 
fo r  d e ta i led  e n e rg y  stud ies .  H o w e v e r ,  it cou ld  
show  the o v e r a l l  in te ra c t io n  and fe e d b a ck  e f f e c t s  
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F igu re  1. F o r r e s t e r  d ia g r a m  o f  initial qualitative  m o d e l .
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F igu re  2 sh ow s a sa m p le  o f  this by showing the 
e f f e c t  o f  p o l lu t io n  c o n t r o l s  r e q u ir e d  to m a in ta in  a 
high le v e l  o f  e n v iro n m e n ta l  p r o te c t io n .
The next m a j o r  step in the D R E S A  m o d e l l in g  
e f f o r t  w a s  to d e v e lo p  a m o d e l  w h ich  con ta in ed  
quantita t ive  r e la t io n s h ip s .  T h is  r e s u l te d  in a 
s ingle  fue l  m o d e l  fo r  a reg ion a l  e n e r g y  s y s te m  (3). 
A F o r r e s t e r  d ia g r a m  o f  the m o d e l  is shown in 
F ig u re  3. The re la t io n s h ip s  in th is  m o d e l  w e r e  
b a se d  on te c h n ic a l  in fo r m a t io n  and h is t o r i c a l  data 
w h e r e v e r  p o s s ib l e .  T w o  e n e r g y  f o r m s  w e r e  c o n ­
s id e r e d  - p r im a r y  and s e c o n d a r y .  E l e c t r i c i t y  
w a s  c o n s id e r e d  the on ly  s e c o n d a r y  e n e r g y  f o r m  
and all p r im a r y  e n e r g y  w as  a s s u m e d  to be natural 
g a s .  T h e s e  a s s u m p t io n s  a re  quite l im it in g ,  but 
f o r  e l e c t r i c a l  e n e r g y  g e n e ra t io n  in O k lahom a, 
natural g a s  h a s  been  a lm o s t  the on ly  fuel in the
past .  A lthough all r e s u l t s  f r o m  the m o d e l  m u st  be 
v iew ed  in the light o f  these  l im ita t io n s ,  it w a s  able 
to s im ula te  past b e h a v io r  s u r p r is in g ly  we 11 as 
shown in F ig u re  4. The f o r e c a s t s  it g iv e s  f o r  the 
future c o u ld  a l s o  be c o n s id e r e d  what w ou ld  happen  
to the O k la h om a  e c o n o m y  and e n e rg y  s y s t e m  if  it 
w e r e  to con tinue  to r e ly  h e a v i ly  upon natural g a s .
By bas in g  the m o d e l  on quantitative r e la t io n s h ip s  
m o r e  p r e c i s e  p o l i c y  q u e s t io n s  co u ld  be a d d r e s s e d .  
F ig u re  5 show s the e f f e c t  on the e c o n o m y  o f  a in t r a ­
state p r i c e  c e i l in g  o f  4 0 ^ /M C F .  T h is  p r i c e  c e i l in g  
in it ia l ly  r e s u l t s  in a s light im p r o v e m e n t  in the 
e c o n o m y  but la te r  is  o f f s e t  by a la r g e r  s low in g  due 
to the u na va i la b i l i ty  o f  gas at that p r i c e .
C U R R E N T  STUDIES
A lthough the p r e c e e d in g  m o d e l  con ta in s  quantitative  
re la t io n s h ip s  and co u ld  be used  to a d d r e s s  c e r ta in
F ig u re  2. D e m o n s tra t io n  o f  the e f f e c t  o f  po l lu t ion  c o n t r o ls  




















C O N STR UC TIO N
S T A R T S
Y  -
z> o





o  >■ 
H t








S UJ Q_ 














\ i V price /
/6eSIRED\ \  \  VDESIREDi _U.






„ / i r



























F igu re  4. S e lected  v a r ia b le s  f r o m  base  c a s e  s im ula t ion  
run fo r  s ingle  fuel m od e l .
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p o l i c y  q u e s t io n s ,  it w as  sti ll  v e r y  l im ited  in scope  
and p o s s ib le  app lica t ion s .  It was m a in ly  built as 
a d e m o n stra t io n  o f  in co rp o ra t in g  te ch n ica l  in f o r ­
m at ion  into a m o d e l .  We a re  now in the p r o c e s s  
o f  d eve lop in g  and testing a fully de ta i led  m o d e l  
w hich  w i l l  c o n s id e r  the te ch n ica l  co n s tra in ts  and 
re la t ion sh ip s  as  well  as the d e c is io n  p r o c e s s e s  
in vo lved  in the en e rg y  su pp ly /dem an d  s y s te m .
T h is  m o d e l  has the fo l low ing  features :
(1) Both the supply, dem and, and e n v ir o n ­
m ental a s p e c ts  of a reg ion a l e n e rg y  s y s ­
tem  are  c o n s id e r e d  s im ultaneous ly .
(2) The feed back  paths which t ra v e l  through 
d i f fe re n t  parts  of the sys tem  are  included.
(3) It is f lex ib le  enough to  c o n s id e r  a wide 
range o f  p o l i c y  que-stions o f  c o n c e r n  to  
national and reg ion a l govern m en ta l  a g e n ­
c i e s  and private c o m p a n ie s .
(4) It is b a se d  on re la t ion sh ip s  that can 
accou nt fo r  the b eh av ior  o f  the e n e r g y  s y s ­
tem  under a wide range o f  future p o s s i b i l i ­
t ie s .
It would be d if f icu lt  to build such a m o d e l  all at 
o n ce .  O ur approach  has b e e n  to divide the e n e rg y  
sy s te m  into a n u m b er  of s u b sy s te m s  which a re  
then m o d e l le d  separate ly . T hese  su b sy stem s  are 
m o d e l le d  in the context  of the total en erg y  s y s te m  
and m ust r e c e iv e  inputs f r o m  and supply output to 
o th er  s u b sy s te m s .  T hus, the su b s y s te m s  m u st  
a ll  be s e le c te d  so they do not o v e r la p  and have 
c o n s is te n t  inputs and outputs. In th is  way, when 
the m o d e ls  f o r  all o f  the s u b sy s te m s  a re  c o m p le te ,  
they  fo r m  the co m p re h e n s iv e  DRESA m o d e l .  A lso , 
the s u b sy s te m s  are se le c te d  and m o d e l le d  so that 
e a ch  m o d e l  ca n  be used  independently  f o r  separate  
stud ies .  H ow ev er ,  these studies m ust o b s e r v e  
the l im itations  en coun tered  by a r b i t r a r i ly  cutting 
som e o f  the feed back  paths in the sy s tem .
THE E L E C T R IC  U T IL IT Y  C O M PO N EN T 
OF THE E N ER GY SYSTEM
Our c h o ic e  fo r  a starting point fo r  th is  m o d e l l in g  
e f fo r t  w as the e l e c t r i c  utility industry  (4). T his  
part o f  the en ergy  sy s te m  w as ch o s e n  fo r  a num ber 
of r e a so n s :
(1) The e le c t r i c  utility  industry is  at a uniquely 
s trateg ic  lo ca t ion  in the e n e r g y  sy s tem . 
Through c o n v e r s io n  to e le c t r i c i t y ,  n ea r ly  
e v e r y  en ergy  r e s o u r c e  can  be reduced  to
a co m m o n  p rodu ct .  T hus, at this point in 
the en ergy  sy s te m  the e n e r g y  r e s o u r c e s  
are  d ire c t  substitutes fo r  ea ch  o th er  and 
a re  highly co m p e t i t iv e .  A ls o ,  e n e rg y  in 
the f o r m  of e l e c t r i c i t y  is  one o f  the m o s t  
e a s i ly  used  f o r m s  we have.
(2) The e le c t r i c  utility  industry  is  p robab ly  the 
m o s t  regulated industry in the e n e rg y  s y s ­
te m . T h is  p o s e s  the need fo r  a thorough 
understanding o f  the r e s p o n s e  of the e le c t r i c  
utility industry  to  regu lation  p o l i cy  in o r d e r  
to make w ise  d e c is io n s .  A  p o o r  u n d e r ­
standing o f  this r e sp on se  ca n  lead to un­
exp ec ted  and h a rm fu l  side e f f e c t s  f r o m  
p o o r  d e c is io n s .  On the o th er  hand, a good  
understanding can  indicate p o l i c y  options 
which  can a llev ia te  p r o b le m s  in this c r i t i ­
c a l  part o f  the en ergy  sy s te m .
(3) T he demand for  e le c t r i c i t y  has been  g r o w ­
ing rapidly in the past, m o r e  rapidly  than 
the demand fo r  m o s t  o ther  f o r m s  o f  en ergy .  
T h e re  is co n s id e ra b le  uncerta inty  as to 
w hether this rapid growth  w i l l  continue.
The long con stru c t ion  p e r io d  req u ired  to 
build som e  gen era t ion  fa c i l i t ie s  and the non- 
s torab le  nature o f  e le c t r i c i t y  m ak es  a c c u ­
rate planning e ssen t ia l  i f  e l e c t r i c  util it ies  
a re  to m e e t  dem ands e f f ic ien t ly .  It is 
d if f icu lt  to plan in face o f  u ncer ta in t ies .  
T hus, v a r io u s  planning p o l i c i e s  need to be
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tested  to d e term in e  w hether  they are adapt­
able  to u nexpected  ch anges  in the future.
(4) A co n s id e r a b le  amount of c o o p e r a t io n  in 
th is  e f f o r t  w as  availab le  f r o m  the loca l 
e l e c t r i c  utility c o m p a n ie s .  Since our 
m od e l l in g  m ethod  e m p h a s iz e s  te ch n ica l  
re la t ion sh ip s  and d e c is io n  p r o c e s s e s ,  this 
c o o p e r a t io n  w as  c o n s id e r e d  to be v e ry  
va luable .
In s im ulating  the e l e c t r i c  utility industry  there  
w e r e  se v e ra l  fea tu res  which  we fe lt  the m od e l  
should include if it w as  going to be able to p rov id e  
usefu l in form ation .
(1) The dem and for  e l e c t r i c i t y  in a reg ion  
v a r ie s  c o n s id e r a b ly  f r o m  hour to hour,
f r o m  day to day, and f r o m  s e a so n  to 
season . The n onstorab le  nature o f  e l e c ­
t r i c a l  e n e r g y  m ak es  it n e c e s s a r y  to  a c ­
count f o r  these  va r ia t ion s  if an a c c u r a te  
s im ula t ion  o f  the ab il ity  of the e l e c t r i c  
u t i l i t ies  to m e e t  dem and is to be m a d e .
The com pu tation  tim e to sim ulate the h ou r  
by  hour op era t ion  o f  the s y s te m  w ould  be 
p ro h ib it iv e .  H o w e v e r ,  a y e a r ly  load  d u r a ­
tion  cu rv e  as shown in F igu re  6 c a n  r e p r e ­
sent m o s t  o f  the c h a r a c t e r i s t i c s  o f  the 
dem and va r ia t ion s  with a s im p le  function .
It p ro v id e s  a v iable  f o r m  o f  c o m m u n ica t io n  
as  it is  w ide ly  used in the e l e c t r i c  utility  
industry . It a lso  p r o v id e s  a m e a n s  w h e r e ­
by ch anges  in dem and c h a r a c t e r i s t i c s  can
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DURATION OF DEMAND 
(% OF TOTAL TIME - HOURS)
F igu re  6. A  typ ica l  load  duration  cu rv e  f o r  e l e c t r i c a l  
en e rg y  dem and  in a re g io n .
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be studied. In addition, the tim e axis of 
the load duration curve  can p rov id e  a basis  
for converting  other v a r ia b les  which f lu c ­
tuate during the year to a c o m m o n  reduced 
form .
V arious  types o f  pow er  plants have d i f fe r ­
ent c o s t s  and p e r fo rm a n ce  capab il it ies .  
T hese  c o s t s  should be fully accounted  for 
and b rok en  down into their  v a r iou s  sou rces  
- cap ita l, operation  and m aintenance, and 
fuel. Some m eans m ust a lso  be prov ided  
to account for  the p e r fo rm a n ce  capabil ity  
of v a r io u s  types o f  generation  fa c i l i t ie s .  
This can be done using a curve  s im ilar  to 
the load duration which d e s c r ib e s  how the 
availab ility  for a particu lar  type o f  facility 
v a r ie s  throughout the yea r .  If this gen era ­
tion availability  cu rve  is der ived  using the 
same time axis as the load duration cu rve ,  
then it can be com pared  d ire c t ly  to the 
demand. A typical generation  availability  
curve  is shown in F igure  7.
(3) Since an im portant asp ect  of the e le c t r ic  
utility com ponent o f  the en ergy  system  is 
its ability to utilize m any d ifferent fo rm s  
of  energy  to make a c o m m o n  product, all 
com m on ly  used energy  r e s o u r c e s  should be 
con s id ered  in the s im ulation . This  should 
include exp lic it  c o n s id era t ion  o f  their  
p r ic e s  and a v a ilab il i t ies .  In addition, the 
m odel should allow for  the poss ib i l i ty  of 
con s ider in g  new o r  novel energy  r e s o u r c e s .
(4) T ransact ion s  with e le c t r i c  u tilities  in other 
reg ions  should be c o n s id e re d  in detail. The
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*The time ax is  for  the load duration curve is not used in this plot.
Figure 7. A typ ica l  generation availability  curve  fo r  a 
group  of  natural gas fired  b o i le r  power plants.
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f low s  o f  e le c t r i c a l  en ergy  to and f r o m  the 
reg ion  throughout the year  should be d e ­
s cr ib e d  on the same time bas is  as  demand 
in the load duration cu rve .  The t r a n s a c ­
tions should be b rok en  into the d i f fe ren t  
c la s s e s  which d e s c r ib e  the ir  function - 
e m e r g e n c y ,  e c o n o m y ,  f i rm  and lo n g - t e r m  
capac ity  lease .
By m eet in g  these c r i t e r ia ,  we fee l our m o d e l  has 
a unique capabil ity  to make useful studies o f  
q u est ion s  con cern in g  the e le c t r i c a l  e n erg y  system  
at the lo ca l ,  reg ion a l,  and national le v e ls  and to 
make detailed  p o l i c y  recom m endation s .
THE E L E C T R IC  UTILITIES M O D E L
The a ct iv it ies  o f  e le c t r i c  utility c o m p a n ie s  can be 
broken  into two fa ir ly  d ist inct c a te g o r ie s  - p lan ­
ning and operation . Planning act iv it ies  deal with 
fo re ca s t in g  future cond it ions  and p rep a r in g  for  
them. In gen era l,  they are  the a c t iv it ie s  which 
are  resp on s ib le  fo r  putting the system  into a c e r ­
tain " s t a te " .  The operation  act iv it ies  dea l with 
the use o f  the generation  fa c i l i t ie s  to supply 
dem ands and m uch  o f  the buying and se ll in g  o f  
e le c t r i c i t y  with other utility com p a n ies .  In 
gen era l ,  they are the act iv it ies  which the state of 
the s y s te m  req u ires  in response  to the conditions 
that actually  a r is e .
PLANNING ACTIV ITIES
The planning a ct iv it ies  are broken  into three 
a re a s  f o r  the purpose o f  sim ulation. T h e s e  are  
fo re ca s t in g ,  cap a c ity  expansion , and en e rg y  r e ­
s ou rce  planning.
The exact  fo re ca st in g  method used v a r ie s  from  
com p a n y  to com pan y  and a lso  depends upon the 
variab le  being fo re ca s t .  They typ ica l ly  involve 
an ex trapo la t ion  of averaged  h is to r ica l  data (5). 
T h is  is simulated in the m odel by averag ing  the 
p ercen ta ge  rate of change fo r  past y e a r s  with a
f irs t  o r d e r  exponentia l smoothing function . This  
function  weights the recen t  y e a r s  m o r e  heavily  
than the e a r l i e r  on e s .  The e le c t r i c  u ti l it ies  are 
then sim ulated as fo re ca s t in g  this growth rate to 
be constant fo r  p lanning pu rp oses .  W h ere  n e c ­
e s s a r y  this s ch em e w as m od ified  by fo re ca s t in g  
the va r ia b le  to d e ca y  exponentially  tow a rd s  an 
asym ptot ic  value. The m ode l s im ula tes  the f o r e ­
casting  of reg ion a l demand and e n e rg y  re s o u rce  
p r i c e s .  It a lso  c o m b in e s  separate f o r e c a s t s  of 
e n e r g y  r e s o u r c e s  available  and the e l e c t r i c  u til i­
t ies  share o f  e n e rg y  r e s o u r c e s  available  to der iv e  
a fo r e c a s t  o f  the amount o f  each  en e rg y  re s o u r c e  
the e l e c t r i c  u til it ies  ex p ec t  to have ava ilab le  to 
them . Although individual c o m p a n ie s  m ay  use 
som ew hat d if fe ren t  and m o re  soph ist ica ted  f o r e ­
casting  m ethods , the m od e l  ca p tu re s  the e ssen t ia l  
con s id era t ion s  o f  traditional f o r e c a s t s .  A lso ,  if  
d e s ir e d  the m od e l  cou ld  be used to test  o th er  f o r e ­
casting  m ethods.
Using these f o r e c a s t s ,  the e le c t r i c  u ti l it ies  m ust 
make plans to p rov id e  the n e c e s s a r y  generation  
capac ity .  M ost  c o m p a n ie s  attempt som e fo rm  of  
op tim iza tion  in th is  a rea .  T h e re  a re  soph ist ica ted  
com p u ter  p r o g r a m s  which are used  fo r  this p u r ­
pose (6 ,7 ) .  The c o s t  o f  simulating an op t im iz ing  
p r o c e s s  would be p roh ib it ive .  A ls o ,  it is d if f icu lt  
to ex a c t ly  define an optim um  under cond it ions  o f  
uncertainty  and rapid  change even i f  the optim um  
value can be ca lcu la ted  m athem atica l ly .  In v iew  
of these  p r o b le m s  a som ew hat m o r e  s im ple  p r o ­
c e s s  is used to s im ulate  capac ity  expan sion  p lan ­
ning.
F o r  given fixed and variab le  c o s t s  the cheapest 
capac ity  fo r  d i f ferent  loads can  be ca lcu la ted  as 
shown in F igure  8. If this in fo rm a tion  is  adjusted 
for l im its  to ca p a c ity  availab ility , en erg y  r e ­
s o u r c e s  ava ilab le ,  on line and co m m itte d  ca p a c ity ,  
and the m a x im u m  ra tes  at which ca p a c ity  can be 
co n s tru c te d ,  the m ix  o f  fa c i l i t ie s  which  would be
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TIME GENERATION FACILITIES USED  
(%  TOTAL TIME - HOURS )
F igure  8. Total generation  c o s t  v s .  time used for se v e ra l  c o s t  com binat ion s .
d e s ire d  in the long run at the g iven  c o s ts  can be 
determ in ed . The e le c t r i c  u til it ies  can be e x ­
pected  to build new fa c i l i t ie s  with the goal of 
ach ieving this lon g -ru n  m ix  but, sub ject  to  the 
im m ediate  requ irem en t  o f  m eeting  dem and. T he  
m od e l  s im ulates  the determ ination  o f  this m ix  by 
using f o r e c a s t s  fo r  an a rb i t r a r i ly  ch o se n  " p la n ­
ning y e a r "  to ca lcu late  the m ix .  T he planning 
year  is a ssu m ed  to be the final year  o f  the "p la n ­
ning p e r io d "  which, by n e ce s s ity ,  m ust  be lon ger  
than the longest  con stru ct ion  tim e fo r  any o f  the 
generation  fa c i l i t ie s  c o n s id e re d .
In the short-run  the e le c t r ic  u t i l i t ies  are c o n ­
strained by the fa c i l i t ie s  on line, the fa c i l i t ie s  
under c on stru ct ion ,  the time req u ired  to build 
new fa c i l i t ie s ,  and the n e ce s s ity  o f  m eet ing  c u r ­
rent d em ands . A lso ,  it may be u n econ om ica l  and
tech n ica l ly  d if f icu lt  if not im p o ss ib le  to con vert  
exist ing  fa c i l i t ie s  to  alternate fue ls .  Thus, they 
cannot im m ed ia te ly  m ove to the d e s ire d  m ix  o f  
fa c i l i t ie s  but must do it g ra d u a lly  o v e r  a num ber 
of y e a r s .  T h is  m ov em en t  tow ard  the m ix  is simu 
lated by assum ing  that, within the above c o n ­
straints, the e le c t r i c  u ti l it ies  w ill  add capacity  
con s is ten t  with the fo r e c a s te d  demand for  each  
year  in a m anner such that the types o f  capacity  
that are  furthest fr o m  the ir  d e s ire d  m ix  will be 
built f irs t .  Again, this m ay  not be the exact  
method used by an individual com pan y  but it does 
capture  the e sse n t ia l  fa c to rs  involved in making 
the d e c is io n s  which result  in capacity  additions.
Once the plans are made as to what generation  
fa c i l i t ie s  are  intended to be built, a rran gem en ts  
must be made for  an en erg y  r e s o u r c e  supply for
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the fuel burning p o w e r  p lants .  T h is  usually  in ­
v o lv e s  c o n t r a c t s  for  antic ipated  future n eeds .
Such en e rg y  r e s o u r c e  p lanning cannot be a h a p ­
h a za rd  p r o c e s s .  If the e le c t r i c  u ti l i t ies  do not 
have su ff ic ien t  su pp lies  they will be unable to 
m e e t  dem and. On the o ther  hand, m o s t  c o n tra c ts  
req u ire  c e r ta in  m in im u m  usage ra tes .  T h ese  two 
r e s t r i c t io n s  can  leave a n a rrow  m a rg in  for  o p e r a ­
tion ; thus, making a ccu ra te  e n e rg y  r e s o u r c e  
planning e s s e n t ia l .  A ls o ,  as f o r e c a s t s  change, 
p lans  change, req u ir in g  a continued  updating o f  
am ount o f  c o n tra c ts  needed.
T h is  p r o c e s s  is sim ulated  by f i r s t  a ssu m ing  an 
a r b i t r a r y  num ber  o f  y e a r s  o f  e a ch  e n e rg y  r e ­
s o u rce  is d e s ir e d .  Then  fo r  each  y e a r  in the 
planning p e r io d  the antic ipated  usage o f  ea ch  fuel 
is ca lcu la ted  by " s ta c k in g "  the g en era t ion  f a c i l i ­
t ie s  a c co rd in g  to th e ir  va r ia b le  c o s t  as shown in 
F igu re  9. The en erg y  to  be supplied  f r o m  each  
type is then s im p ly  the area  under the load  d u ra ­
tion  c u rv e .  Using this in form a tion ,  the c o n tra c ts  
d e s ir e d  f o r  ea ch  e n e r g y  r e s o u r c e  a re  ca lcu la te d .  
T h is  quantity is c o m p a r e d  to the actual c o n tr a c t s  
ex is t in g .  If m o r e  are d e s ir e d ,  the p r o c e s s  o f  
seeking out new c o n tr a c t s  beg ins . T h is  p r o c e s s  
n o r m a l ly  takes  so m e  t im e ,  thus a de lay  is  in­
c luded  in the s im ula t ion . Once th is  de lay  is o v e r ­
c o m e  new co n tr a c t s  are  m ade a c c o r d in g  to the 
quantity being sought, but within the l im it s  o f  the 
e n e r g y  r e s o u r c e s  ava ilab le .  As in the o th er  p la n ­
ning a c t iv i te s ,  this e n erg y  planning s im ulation  m ay  
not fo l low  e x a c t ly  the a c t iv i t ie s  o f  an individual 
utility  com p a n y , but should p ro v id e  a rea son a b le  
s im ula t ion  o f  the p r o c e s s .
TIME
(% TOTAL- HOURS)
F igure  9. U se o f  g en era t ion  fa c i l i t ie s  to  f i l l  demand 
in en ergy  r e s o u r c e  planning.
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O P E R A T IO N  ACTIVITIES
The op era t ion  act iv it ies  can  be b roken  into four  
a reas .  The f i r s t  three dea l with the fiow  o f  e l e c ­
tr ic ity  to  and from  other re g io n s .  T hey are  firm  
ca p a c ity ,  e m e r g e n c y  en ergy ,  and econ om y  en ergy  
p u r c h a s e s  and sa les .  The fourth area  d e a ls  with 
supplying the reg ional demand and the dem and 
crea ted  by f i r m  capacity  sa les .
T here  a r e  two con s id era t ion s  involved  in buying 
o r  se ll ing  f i r m  capacity ; (1) the ability  to m e e t  
dem and and (2) e c o n o m ic s .  A ls o ,  s ince  f i r m  
ca p a c ity  d e c is io n s  must be m ade ahead of  t im e ,  
there is  som e uncertainty as to what the dem and 
will  m o s t  like ly  be. Thus, d e c is io n s  m ade  r e ­
garding ab il ity  to m eet  dem and w ill  c o n s id e r  the 
m a x im u m  p robab le  demand. On the o th er  hand, 
the e c o n o m ic  d ec is ion s  are  m ade  on the b a s is  of 
what d em a n d s  are m ost likely  to  o c c u r  o r  the 
m ost  p ro b a b le  demands. In the m od e l ,  f i r m  
cap ac ity  is bought i f  it ap p ears  that the u til it ies  
w ill  be unable to m eet  the m axim um  p ro b a b le  
demand and m aintain  r e s e r v e s .  Additional ca p a ­
city w i l l  be bought if it can  be u til ized  to the extent 
that it is  ch eap er  than ex ist ing  capacity . S im ilar ly ,  
maintaining sufficient cap a c ity  and r e s e r v e s  for 
the m a x im u m  probable  dem and sets a l im it  on the 
m a x im u m  f i r m  capac ity  which can be sold . W ith­
in th is  lim it ,  capacity  w i l l  be sold i f  the tota l 
exp ected  revenue from  the s a le s  w ill e x c e e d  the 
cost  o f  operation .
The sim ulation  o f  puchases  and sales  o f  e m e r ­
gency  en ergy  is fa irly  stra ight forw ard . If, b e ­
cause  of u n fo reseen  c i r c u m s ta n c e s ,  the e l e c t r i c  
u ti l it ies  in other reg ions  are unable to m e e t  their  
dem ands and request e m e r g e n c y  en ergy  it is 
supplied if p o s s ib le .  L ik e w is e ,  if the e le c t r i c  
u ti l it ies  in the region a re  unable to m eet  dem ands 
they w ill  pu rch a se  e m e rg e n cy  en ergy  if it is a v a i l ­
able. The p r ic e  a ssoc ia ted  with e m e r g e n c y
energy  is  n orm ally  quite high as it r e f l e c t s  all o f  
the production  co s ts .
The con cep t  behind p u r c h a s e s  and sa les  o f  e c o n ­
om y en erg y  is a lso  quite s im p le .  If, at a given 
point in tim e, another reg ion  has a low er  in c r e ­
mental c o s t  fo r  generation , en ergy  is pu rchased  
f r o m  that region . L ik e w is e ,  if another reg ion  
has a h igh er  in crem en ta l cost, it p u rch a se s  en ergy .  
B e fo re  th is  p r o c e s s  can be s im ulated, the supply 
o f  and demand for e c o n o m y  en ergy  in o ther  r e ­
gions m ust be defined. T h is  can  be done using 
quantity vs. p r ic e  c u r v e s  based  on the same time 
axis used  for  the load duration c u r v e s  as shown 
in F igu re  10. H ow ever , it should be noted that 
the determ ination  o f  these  c u r v e s  is quite d i f f i ­
cult and rep resen ts  a m a jo r  a rea  of uncertainty  
in the use of the m od e l .  Using these cu rv e s ,  the 
sim ulation  a s s u m e s  e c o n o m y  en ergy  is bought 
and so ld  until the supply p r i c e ,  the demand p r i c e ,  
and the increm en ta l c o s t  o f  p rod u ct ion  are all the 
same o r  some limiting fa c to r  is  encountered . 
These  lim its  include available  capac ity  and t r a n s ­
m is s io n  lim its .
Once a ll  of the tra n sa ct ion s  with other reg ions  
are m ade  the m od e l  s im ulates  the use o f  the 
available  capacity  fo r  supplying the rem aining 
dem ands. T his  is done in exact ly  the same 
m anner  as in the en ergy  r e s o u r c e  planning s im u ­
lation excep t  that energy  r e s o u r c e  l im its  must be 
accounted  fo r .
In reality  the d ec is io n s  c o n ce rn in g  e m e r g e n c y  
en ergy ,  e con om y  en ergy ,  and the use o f  g e n e r a ­
tion fa c i l i t ie s  are c a r r ie d  out s im ultaneously .
This is  a lso  done in the s im ulation. The s e p a ra ­
tion m ade h ere  is s tr ic t ly  fo r  the sake of c la r i ty .
F igure  11 shows a m od ified  F o r r e s t e r  d iagram  
of the entire  m od e l .  Double l in es  indicate in ­
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dexed va r ia b les .
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F igu re  10. R e p re s e n ta t io n  o f  e c o n o m y  e n e r g y  supply and 
dem and fo r  n e ig h b or in g  r e g io n s .
STUDIES WITH THE E L E C T R IC  
U T IL IT IE S  M O D E L
As stated e a r l i e r ,  the p r im a r y  p u rp ose  o f  the 
e l e c t r i c  u t i l i t ie s  m o d e l  is to be a com p on en t  o f  the 
c o m p r e h e n s iv e  D R E SA  m o d e l .  H o w e v e r ,  it a ls o  
has the p u rp o se  o f  be in g  a u se fu l independent 
m o d e l .  In this, it is  o f  c o u r s e  l im ited  by the cut 
feed b a ck  paths. In v ie w  o f  th is  l im ita t ion ,  the 
m o s t  u se fu l a re a  o f  study fo r  the m o d e l  is  seen  
in the a n a ly s is  o f  the e l e c t r i c  utility  in d u s t r y 's  
r e s p o n s e  to ch a n g es  in input v a r ia b le s .  T h e s e  
changing v a r ia b le s  include d em and , e n e r g y  r e ­
s o u r c e  p r i c e s ,  e n e r g y  r e s o u r c e  a va ilab il i ty ,  and 
a w ide  range o f  regu lation  p o l i c i e s .  T h is  r e s ­
p on se  can  be m e a s u r e d  in a n um ber  of w a y s ,  such 
as ,  typ es  o f  c a p a c ity  built, e l e c t r i c i t y  and ca sh  
f low s  to and f r o m  o th er  r e g io n s ,  e n e rg y  r e s o u r c e s  
c o n s u m e d ,  e t c .  T h ese  are a ll  included  in the
m o d e l .  H o w e v e r ,  p r o b a b ly  the m o s t  im portant 
m e a s u r e s  a r e  the ab il ity  o f  the e l e c t r i c  u t i l i t ie s  
to m e e t  the e l e c t r i c a l  e n e r g y  d em a n d s  in the r e ­
g ion and the c o s t  o f  gen era t in g  the e l e c t r i c i t y  to 
m e e t  this dem and.
The m o d e l  is  c u r r e n t ly  being used  in a study o f  
the r e s p o n s e  o f  the e l e c t r i c  utility  in d u stry  in 
O klahom a to ch a n ges  in th ese  v a r ia b le s .  One o f  
the f i r s t  im p ortan t  o b s e r v a t i o n s  m a d e  in this 
study resu lted  during the va l id a t ion  o f  the m o d e l .  
The m o d e l  w as  able to  show that sm a l l  ch a n g e s  in 
the d em and  grow th  rate  have ca u s e d  the utility  
c o m p a n ie s  to o v e r - r e a c t  resu lt in g  in s p o ra d ic  
c o n s t r u c t io n  o f  new g e n e ra t io n  fa c i l i t i e s  as  shown 
in F ig u re  12. The m o d e l  w a s  a ls o  able to  show 
that this sp o ra d ic  c o n s t r u c t io n  had som e  i m p o r ­
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' V ariab les  determ ined in other parts of the m odel.
Figure l i b .  F o r r e s te r  d iagram  of  generation capacity  and energy  resou rce  
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F igu re  12. C o m p a r is o n  o f  s im ulation  resu lts  and h is to r i c a l  
data for  in sta l led  gen erating  ca p a c ity .
O k lahom a, natural gas fired  b o i l e r s  have p rov en  
to be v e r y  e c o n o m ic a l .  T hus, v e r y  sm all am ounts 
o f  other  types  o f  capac ity  have been  d e s ir e d .  H o w ­
e v e r ,  in react ing  to in crea s in g  growth  ra tes  the 
c o n s tru c t io n  p e r io d  fo r  gas b o i l e r s  b e c o m e s  too  
long. T h is  led to  the co n s tru c t io n  o f  gas  tu rb in es , 
which have a m uch  sh orter  co n s tru ct io n  p er io d ,  
to m ake up for  the anticipated shortage o f  ca p a c ity .  
T hus, the resp on se  to demand d y n a m ics  was 
shown to be a la r g e r  fa ctor  in the h is to r ica l  c a p a ­
city  m ix  than w e r e  e c o n o m ic  c o n s id e ra t io n s .
T h is  study is now center ing  on determ in in g  the 
ab il ity  o f  the e le c t r i c  utility industry in O klahom a 
to respon d  to changing p r i c e s  and ava ila b i l i t ie s .
T his  in c ludes  the s h o r t - t e r m  fluctuations that 
may resu lt  f r o m  unsettled m a rk e t  c on d it ion s  and 
m a jo r  l o n g - t e r m  p r ic e  tren d s .  A ls o ,  the p o s s i ­
bil ity  of p r i c e  trends  not re f le c t in g  en e rg y  r e ­
so u rce  ava ilab il i ty  m u st  be c o n s id e r e d .  T h is  
p o s s ib i l i t y  is v e r y  l ike ly  w h ere  natural gas  is a 
m a jo r  en e rg y  r e s o u r c e .  The study has not b een  
co m p le te d  at th is  t im e so no final re su lts  can be 
p resen ted .  A sam ple  o f  one o f  the p r e l im in a r y  
sim ulation  runs is  shown in F igu re  13. In this 
run a shift f r o m  dependence  on natural gas  to c o a l  
and n u c le a r  fuels  is shown fo r  one s ce n a r io  o f  
future r e s o u r c e  p r i c e s .  A n u m b er  of such s c e ­






















F igure  13. P r e l im in a r y  sim ulation  run for  a s cen a r io  which 
resu lts  in a sw itch  to coa l  and nuc lear  p o w e r  plants.
the ex p ec ted  resp on se  to the d if fe ren t  ch anges .
As a part o f  this study, the utility c o m p a n ie s '  
r e sp on se  to govern m en t  regulation  and the e f fe c ts  
of d i f fe ren t  governm ent and com p a n y  p o l i c i e s  on 
the ab il ity  to respond to ch anges  a re  being studied. 
S pecif ic  test  p o l i c i e s  w ill  include:
(1) In crea s in g  re s t r i c t io n s  on one o r  m o re  
fuels to gradually  reduce  the ir  u se ;
(2) A sudden ban on the use of a p a r t icu la r  
fue l ;
(3) R e s tr ic t io n s  on the typ es  o f  p o w e r  plants 
which can be built;
(4) Basing utility c o s t  ca lcu la t io n s  on  r e p la c e ­
m ent c o s t s  o f  en e rg y  r e s o u r c e s ;  and
(5) A llo ca t in g  the use o f  fuel in p o w e r  plants
on the b a s is  o f  a v a ilab il i ty  rather than 
co  st.
With this study we will attempt to detect  p o s s ib le  
p ro b le m  a r e a s  in regard  to the utility industry 
respon se  to  an uncerta in  and changing future. In 
this way, sp e c i f ic  m e a s u r e s  can  be em p loyed  to 
avoid the p r o b le m s  o r  to le s s e n  the ir  im pact. 
A lso , we w ill  attempt to  show what governm ent 
and utility com pan y  p o l i c i e s  w ill  aggrevate  and 
which ones w ill le ssen  the p r o b le m s .  A lso ,  we 
hope to show what p o l i c i e s  are best suited to 
achieve a d e s ire d  goal with the m inim um  o f  h a rm  
ful side e f f e c ts .
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CONCLUSION AND F U TU R E  STUDIES
The e l e c t r i c  u ti l it ies  m o d e l  is p ro v in g  to be a 
use fu l independent m o d e l .  H ow ev er ,  it is d e s i r e d  
to be able  to undertake a m uch  w id er  range o f  
s tu d ies  than is p o s s ib le  with the m o d e l  o f  the 
e l e c t r i c  u tility  industry . It is hoped that in the 
future stud ies  can  be  m a d e  o f  qu est ion s  dea ling  
with o th e r  p a r ts  o f  the e n e r g y  su p p ly /d em a n d  
s y s te m . T o  m ove  one step  c l o s e r  to  ach iev ing  
this ca p a b i l i ty ,  a m o d e l l in g  e f f o r t  is  soon to  be 
in itiated  to d ev e lo p  m o d e l s  o f  other  p a r ts  o f  the 
supply side o f  the e n e r g y  sy s tem . It is antic ipated  
that this w ill  include m o d e ls  o f  the p e t r o le u m  and 
natural gas industry , the coa l  industry, and the 
n u c le a r  fuel industry. T h e s e  m o d e l s ,  c o m b in e d  
with the m o d e l  o f  the e l e c t r i c  utility industry , 
should prov id e  a fa ir ly  c o m p r e h e n s iv e  m o d e l  o f  
the tra d it ion a l  supply side  of the en erg y  s y s te m .
It is  planned to d eve lop  s im i la r  m o d e ls  f o r  the 
dem and  side o f  the sy s te m  at a la ter  date.
The deve lop m en t  o f  th ese  m o d e ls  w i l l  fo l low  along 
the sam e line as the d ev e lop m en t  o f  the e l e c t r i c  
u tility  m o d e l .  T hey w i l l  continue the a p p roach  of 
dyn am ic  s im ula t ion  with the stru ctu re  o f  the 
m o d e l s  e m p h a s iz in g  te ch n ica l  r e a l i t ie s  and the 
d e c i s i o n  p r o c e s s e s  in the en ergy  s y s te m . The 
p r im a r y  function  o f  ea ch  m od e l  w ill  be to  se rv e  
as a com pon en t o f  the c o m p r e h e n s iv e  DR E SA  
m o d e l .  H o w e v e r ,  each  m o d e l  should be useful 
in m ak ing  independent studies . When fin ished, it 
is planned for  the D R E SA  m od e l  to be u sed  in 
m aking  studies  using any num ber  o f  the com pon en t 
m o d e ls .  In this way, on ly  the p a r ts  o f  the en erg y  
s y s te m  which  need to be s im ulated  for  a p a r t i c u ­
lar  c o m p u te r  run will need to  be in c luded . But, 
as m any p a rts  as n e c e s s a r y  to account f o r  the 
in te ra c t ion  and feed b a ck  in the sys tem  can  be 
inc luded.
We b e l ie v e  the DR E SA  m o d e l  and the com p on en t  
m o d e l s  f r o m  w hich  it w i l l  be m ade w i l l  p rov ide  
a to o l  to im p r o v e  the quality  o f  d e c i s i o n s  at e v e r y  
le v e l  by d em on stra t in g  m o r e  o f  the g o o d  and bad 
c o n s e q u e n c e s  o f  v a r io u s  options than had been  
r ig o r o u s ly  p o s s ib l e  b e fo r e .
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